Even though curative surgery has been performed for patients with pancreatic cancer without peritoneal free cancer cells at laparotomy, many patients die of peritoneal recurrence. The reason for this fact is postulated that the surgical procedure itself could cause spread of cancer cells into peritoneal cavity. To identify the free cancer cells spilled in the peritoneal cavity during the operation, we have established real-time quantitative reverse transcription Polymerase Chain Reaction (RT-PCR) system. Moreover, we have devised Extensive Intraoperative Peritoneal Lavage (EIPL) therapy as a very simple and non-aggressive prophylactic treatment for peritoneal dissemination of gastric cancer patients with peritoneal free cancer cells. In this paper, we review the validity of EIPL therapy navigated by real-time quantitative RT-PCR detecting free cancer cells in the peritoneal cavity during operation, and the effect of this therapy on the survival after curative operations in patients with pancreatic cancer.
Introduction
Pancreatic cancer is one of the leading causes of cancer-related death in industrialized countries [1] , and is well known as a miserable disease with the overall 5-year survival rate ranging from 7% to 25% after potentially curative surgical operation [2] [3] [4] [5] [6] . One of the major features of pancreatic cancer is its early peritoneal dissemination as well as liver metastasis after curative surgical treatment [7] [8] [9] [10] . Peritoneal recurrence was found in more than half of the patients, which determines the high mortality rate [8, 9] . To improve longterm survival, multidisciplinary approaches combined with surgery whenever possible have been adopted to try to eradicate the recurrent patterns, but these measures do not seem to improve survival any more than that by standard resection [11] [12] [13] [14] .
Although it is thought that the minimal cancer cells that already existed at the site of recurrence (Micrometastasis) at the time of surgery may be a mechanism of recurrence [15] [16] [17] . The surgical operation itself might have caused the peritoneal dissemination of these cancer cells. In fact, it has been proven that surgical procedures for gastrointestinal cancers disseminate cancer cells into the systemic circulation and or intra-peritoneal space [18] [19] [20] . If possible, this type of cancer dissemination should be eradicated at the time of the surgical operation.
We have established EIPL (Extensive Intra-operative Peritoneal Lavage) therapy as a useful technique that eradicates the intra-peritoneal free cancer cells in patients with gastric cancer to prevent peritoneal metastasis before implantation of the peritoneal free cancer cells [20, 21] . The peritoneal cavity was extensively washed and completely aspirated using 1l of physiological saline 10 times based on the 'limiting dilution method' after the potentially curative operation. EIPL therapy is quite a powerful method for reducing the number of peritoneal free cancer cells to potentially zero. Our recent study has clearly revealed that combined with intraperitoneal chemotherapy, EIPL therapy significantly improved the survival of the gastric cancer patients with peritoneal free cancer cells without peritoneal disseminations after potentially curative operations [21, 22] . Recently, we employed EIPL therapy for the patients with pancreatic cancer after a curative operation and obtained favorable results [23] .
In this review article, we focus on the usefulness of evaluating the status of abdominal free cancer cells by using the ultra-rapid quantitative Reverse Transcription Polymerase Chain Reaction (RT-PCR) system and the ability of EIPL therapy as a prophylactic strategy for peritoneal recurrence in patients with pancreatic cancer after curative operation.
Detection of intraperitoneal free cancer cells by real-time quantitative RT-PCR
Cytological analysis has been the gold standard for detecting cancer cells in the peritoneal lavage during operation, however, it has generally been said to lack of sensitivity. In recent years, molecular approaches using the PCR technique have been applied to various clinical fields and have become one of the useful diagnostic tools.
RT-PCR has been developed for screening a small amount of tumor cells in circulating blood, bone marrow, lymph nodes, and peritoneal lavege fluid [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] . Its sensitivity is much higher than that of conventional and immunohistochemical cytological examinations [33] . So the RT-PCR technique is suitable for detecting minute quantities of peritoneal free cancer cells. However, RT-PCR has its own drawbacks, such as the following: (a) it has time-consuming gene amplification and subsequent data analysis; and (b) results of RT-PCR involve, even in low frequency, false-positive results exist by DNA contamination or pseudogenes [35] . Therefore, we established 'real-time quantitative RT-PCR system' , which is a combined system of an ultra-rapid RT-PCR using a fully automated mRNA extractor and a real-time one-step RT-PCR system with hybridization probe format for detection of peritoneal free cancer cells. This new method enabled us to obtain the results of RT-PCR in a short time after sampling. Furthermore, we carried out multiple markers RT-PCR assay for a combination of CEA and CK20 to eliminate falsepositive results and to improve specificity. Peritoneal lavage samples from 58 patients with non-serosainvasive gastric cancer were obtained at laparotomy and immediately after lymph node dissection, and CEA-and CK20-specific RT-PCRs were performed using the real-time quantitative RT-PCR system to identify the free cancer cells in the samples [20] . This method enabled us to complete the detection of cancer cells within approximately 70 min. In the samples of lavage at laparotomy, CEA mRNA and CK20 mRNA were not detected in patients without serosal invasion, but in the peritoneal lavage samples after lymph node dissection, both the CEA and CK20 mRNA products were detected in 13 of 63 patients (20.6%; Figure 1) [20]. They were not observed in mucosal tumors, but were identified in three (14.3%), four (26.7%), and six (46.2%) patients with submucosal, muscularis proplia, and subserosal tumors, respectively. These results suggested that lymph node dissection itself opened lymphatic channels and spread viable cancer cells into the peritoneal cavity, and this was the one of the mechanisms of peritoneal metastasis from non-serosa-invasive cancer.
Extensive Intraoperative Peritoneal Lavage (EIPL) therapy
We have proposed EIPL for reducing the number of intraperitoneal free cancer cells as a useful intraoperative technique [21] . Briefly, the peritoneal cavity is extensively stirred and washed after the potentially curative operation, which is followed by the complete aspiration of the fluid. This procedure is done 10 times using 1L of physiological saline. Ten washes of a 1:10 dilution result in just 1 cancerous cell from 10 10 cells in the abdominal cavity. Furthermore, sufficient stirring and washing of the abdominal cavity would remove the cancer cells which merely adhere to the peritoneum.
We performed EIPL to the five cases of serosa-invasive gastric cancer with CY+/P-, and its efficacy was evaluated by the ultra-rapid quantitative RT-PCR protocol. Sequential washing of intraperitoneal free cancer cells of 3.8 × 10 5 ± 1.4×10 5 / 100ml of lavage decreased the number to 2.8 ± 1.5 cells by 6 to 8 washes. Free cancer cells were not detected in the fluid after that ( Figure 2) [20]. On the other hand, 2.8 × 10 4 ± 4.5×10 4 of intraperitoneal free cancer cells still remained in 100ml of the lavage when not treated with EIPL.
Application of EIPL Therapy to Pancreatic Cancer

Analysis of free cancer cells during the operation
As a pilot study, we undertook real-time quantitative RT-PCR of the peritoneal lavage fluid from 8 patients who underwent pancreatectomy (6 patients of pancreatic cancer, 1 patient of pancreatic cancer with peritoneal dissemination, 1 patient of chronic pancreatitis) [23]. Peritoneal lavage was performed three times during the operation: at the time of laparotomy, immediately after lymph node dissection and after pancreatectomy. The results were that both CEA mRNA and CK20 mRNA products were observed in 2 (33.3%) and 4 (66.7%) patients with pancreatic cancer after lymph node dissection and removal of the tumor, respectively ( Table 1) [23]. These data suggest that the operation itself could cause spreading of cancer cells to peritoneal cavity, which then would lead to peritoneal recurrence after curative surgery for pancreatic cancer as well as gastric cancer like we previously demonstrated.
EIPL therapy in pancreatic cancer
We adopted EIPL therapy to pancreatectomy for the patients with pancreatic cancer to confirm the impact of EIPL therapy in preventing peritoneal recurrence after a curative surgical operation [23] . We designed a cohort study for the pancreatic cancer patients. This study was based on 39 consecutive patients with invasive ductal adenocarcinoma of the pancreas who underwent curative surgical treatment. The patients were divided into two groups: the non-EIPL group, patients without EIPL therapy (n=24); and the EIPL group, patients with EIPL therapy (n=15). All patients were followed up at the outpatient clinic every 2 to 3 months, and computed tomography was ordered to check any recurrences every 4 to 6 months. Any patients did not receive adjuvant chemotherapy.
Clinicopathological findings including the mean age, sex, location of tumor, pathological tumor stage, histological type and surgical treatment did not differ between the two groups, but peritoneal recurrence was significantly reduced in the EIPL group, compared with the non-EIPL group (Table 2) [23]. Univariate logistic regession analysis showed that peritoneal recurrence had significant correlation with lymph node metastasis and EIPL therapy, and multivariate analysis revealed that lymph node metastasis and EIPL therapy were independent factors related to peritoneal recurrence. EIPL therapy was an independent negative risk factor for formation of peritoneal recurrence after curative operation, whereas lymph node metastasis was a positive one (Table 3) [23].
Based on these findings, we analyzed whether EIPL therapy improved cancer-free survival after curative operation. The 2-year cancer-free survival rates of the non-EIPL and EIPL group were 16.7% and 40%, respectively (Figure 3) survival curve of the EIPL group tended to be improved compared with the non-EIPL group, and was nearly of statistical significance.
Validity of EIPL therapy in the operation of pancreatic cancer
These our results strongly indicate that the serial surgical procedures of pancreatectomy are major factors in the spread of variable free cancer cells into the peritoneal cavity leading to the formation of peritoneal recurrence after curative operation. We have previously proposed that EIPL therapy is quite a formidable method for reducing the number of cells to potentially zero. Therefore, we applied this therapy to patients with pancreatic cancer in which free cancer cells might spill through due to the surgical procedures. In fact, large numbers of cancer cells disseminated into the peritoneal cavity during operation, as already described. Statistical analysis demonstrated that EIPL therapy was an independent factor in preventing the formation of peritoneal recurrence. Furthermore, the 2-year cancer-free survival of the EIPL group was substantially improved compared with the non-EIPL group. In our pilot study, no-touch isolation technique followed by EIPL therapy decreased the total recurrence after curative operation for pancreatic cancer [36] . Thus, to improve long-term survival in such an aggressive disease as pancreatic cancer, a combined treatment of EIPL with no-touch isolation surgery followed by effective chemotherapy may be worth trying to eradicate recurrence after curative operation.
Conclusion
EIPL therapy navigated by real-time quantitative RT-PCR detecting free cancer cells spilled in the peritoneal cavity during operation is a new strategy preventing peritoneal recurrence, especially in patients with pancreatic or gastric cancer, in which peritoneal dissemination is common after curative operation. Frequent washing and complete aspiration may not be an appealing activity at the end of a time consuming operation, but this procedure is quite a powerful method for reducing the number of cells to potentially zero and, furthermore, it can be performed anywhere and at anytime. The use of EIPL may be applied to all patients with pancreatic cancer after curative operation as well as to patients with cytological peritoneal free cancer cells without overt peritoneal dissemination.
